Large granular lymphocytic (LGL) leukemia and myelodysplastic syndromes (MDSs) both typically present with unexplained cytopenias, yet these diseases are pathobiologically distinct and associated with substantial differences in prognosis and therapy.
Despite these differences, an accurate diagnosis can be challenging, in part because both diseases exhibit clinicopathologic overlap with reactive conditions, and because the lesional cells in both entities can lack obvious morphologic abnormalities. 1, 2 In addition, although it is well-established that the initial evaluation of cytopenias should include consideration for both entities, these principles do not always translate into practice due to nonuniform diagnostic methodology and interprovider variability across institutions. Thus, objective markers that promote increased uniformity in the diagnostic approach to cytopenias are needed. Recently, activating STAT3 mutations, primarily within the SH2 domain, have been identified in 40% to 70% of LGL leukemia. [3] [4] [5] [6] [7] [8] Although STAT3 mutations are not required for a diagnosis of LGL leukemia, detection of the mutation should prompt additional evaluation for the disease if unsuspected. In this article, we report the frequency and type of STAT3 mutations within our patient population and assess the impact of this information on diagnosis, particularly in the setting of a suspected MDS. We find that inclusion of STAT3 on a standard nextgeneration sequencing (NGS) gene panel ensures objective and systematic evaluation for cryptic or unsuspected LGL leukemia.
Between 1 January 2015 and 31 October 2016, 4244 peripheral blood or bone marrow samples from 3088 unique patients evaluated at our institutions were analyzed with a custom 95-gene, ampliconbased panel comprised of genes recurrently mutated in hematologic malignancies (supplemental Table 1 ). 9 Indications for testing included known or suspected myeloid neoplasm or acute leukemia (57%), unexplained cytopenias/cytoses (18%), known or suspected lymphoproliferative disorders (17%) or unspecified (7%). The panel includes exons 2-17 and 21-23 of STAT3 (NM_139276). We identified 45 patients with 47 candidate STAT3 mutations (Figure 1 ). Eighteen variants were classified as presumed germ line single nucleotide polymorphisms (SNPs), although 3 variants were not found in SNP databases and may represent very low frequency/private SNPs or potential novel diseaseassociated mutations (Figure 1 ; supplemental Table 2 ). An additional 23 variants, from 23 patients, were localized within the SH2 domain and included previously documented somatic variants in LGL leukemia (Y640F, n 5 16; N647I, n 5 2; and D661Y, n 5 2) as well as novel variants (657insS, n 5 1; and I665F, n 5 2), all of which map to the STAT3 dimerization interface. The remaining 6 were classified as somatic non-SH2 domain variants. One occurred in a patient with LGL leukemia who had a concomitant STAT3 SH2 domain mutation (Y640F) ( Table 1 ). The other 5 mutations were identified in disparate clinical scenarios, suggesting that some non-SH2 domain STAT3 mutations are not associated with LGL leukemia but could have a pathogenic role in other hematologic malignancies (supplemental Table 2 ). Institutional review board approval was granted for the retrospective review of charts and pathology data.
The clinicopathologic characteristics of the 23 patients with STAT3 SH2 domain variants are presented in Table 1 . Nineteen had known or suspected LGL leukemia at the time of NGS evaluation, based on the presence of expanded populations of clonal, surface CD3
but with a clinical course compatible with LGL leukemia (n 5 1).
The remaining 4 patients with STAT3 SH2 domain variants were 69 to 76 years of age and initially were referred to our institution with a diagnosis of an MDS based on cytopenias (Table 1 ) and reported unilineage erythroid dysplasia (n 5 2), ring sideroblasts (n 5 1), or other unspecified marrow findings (n 5 1). By report, flow cytometry demonstrated an inverted CD4:CD8 ratio in peripheral blood in 1 patient and an atypical lymphoid population with an NK-like phenotype in the bone marrow of another, but these were not incorporated into the reported final diagnosis. All 4 cases reportedly demonstrated a normal karyotype; an MDS fluorescence in situ hybridization panel performed in 1 case showed no abnormalities, and a commercial myeloid neoplasm-based gene panel performed in another case reported no somatic variants.
On presentation to our institution, peripheral blood or bone marrow was submitted for routine gene panel sequencing to identify MDS-specific gene mutations and facilitate accurate risk stratification. [10] [11] [12] [13] [14] [15] Despite the reported histories of MDSs, no MDS-associated mutations were identified. In contrast, each sample demonstrated an isolated somatic STAT3 SH2 domain mutation (Table 1 ). This discovery prompted NK/T-cell flow cytometric analysis of peripheral blood, which in all 4 cases revealed either an expanded population of T-cell LGLs (n 5 2: 30% surface CD3
. Clonal T-cell receptor gene rearrangements were detected in each case, including those with an NK-like immunophenotype. 16 As a result of these findings, all 4 patients were diagnosed with LGL leukemia.
Notably, LGL proliferations and frank LGL leukemia can co-occur with MDSs, [17] [18] [19] and screening for STAT3 mutations in patients with MDS has been shown to facilitate detection of subclinical LGL clones. 5 Therefore, identification of STAT3 mutations and a subsequent diagnosis of LGL leukemia does not exclude the possibility of a concomitant MDS. However, recent findings suggest a high negative predictive value for underlying myeloid neoplasms in patients who have neither karyotypic abnormalities nor mutations in typical driver genes, 15 as was observed in these 4 patients. Therefore, we re-reviewed the bone marrow biopsy specimens for these 4 patients and found that none met the diagnostic criteria for an MDS. Overall, these cases underscore the challenges of evaluating older patients presenting with cytopenias and highlight the value of targeted NGS in correctly diagnosing an MDS or LGL leukemia.
As the accessibility of routine NGS testing increases, many institutions are incorporating mutational profiling into the clinical evaluation of myeloid neoplasms, in part to facilitate the diagnosis of cases with ambiguous morphologic features. [20] [21] [22] These clinical myeloid NGS panels are often designed with a disease-restricted focus, with content limited to genes recurrently mutated in myeloid disease. However, our data suggest that it is useful to systematically deploy more comprehensive gene panels that include genes that are mutated in other diseases sharing clinical features with myeloid neoplasms, such as LGL leukemia, hairy cell leukemia, and paroxysmal nocturnal hemoglobinuria. STAT3 mutations are not entirely specific for LGL leukemia given that they have been identified at low frequency in other hematopoietic and nonhematopoietic malignancies; therefore, the identification of these mutations requires careful clinicopathologic correlation. 23 Due to technical constraints, our current panel does not include the entirety of the STAT3 gene SH2 domain or STAT5B, which has since been found to be mutated in a smaller proportion (2%) of patients with LGL leukemia and may be enriched in the less common CD4 1 T cell-LGL subtype. 24, 25 The inclusion of these and other targets identified by ongoing gene discovery efforts will further improve the clinical utility of gene panel sequencing approaches.
In summary, systematic STAT3 mutation testing in patients with known or suspected hematologic malignancies identified unsuspected LGL leukemia in patients with unexplained cytopenias who were initially, but incorrectly, diagnosed with MDS. As the use of clinical NGS panels becomes routine in the evaluation of patients with known or suspected myeloid malignancies, we advocate for the inclusion of STAT3 in such panels to clarify ambiguous phenotypes and avert the consequences of misdiagnosis or diagnostic delay. The full-text version of this article contains a data supplement.
